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1. Basics

1-1 Review of Lagrangians
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Intercation F-B is described as Q� � A�



1-2 Local Gauge Invariance

Under the transformation,  
0

(x) � ei�(x) (x)

 
0

(x) =  (x) holds.

For a massive fermion in a free potential

L= i� �@� �m�  

mass term is invariant

 ! ei�(x) (x), � ! e�i�(x) (x)

K.E. term is not invariant

@ ! ei�(x)@� (x) + iei�(x)@��(x)

Introduce covariant derivative D� which

transforms in the same way as  itself

D� ! ei�(x)D�

D� � @� � ieA�

A� ! A�+
1
e
@��(x)

L= i� �D� �m�  

= i� �@� �m�  + e� � A�

By requiring the local gauge invariance,

a new vector �eld A� emerges !!!



1-3 Lagrangian of mass-less

unphysical �elds in SM

Fermions in SM

L=

�
�e
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�
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�R eR

� 3 generations

Q =

�
u

d

�
L

uR; dR

Charges

Q= T3+
Y

2

Q is electric charge

T is isospin

Y is week-hypercharge

fermion Q T T3 Y
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fSM � L; eR;Q; uR; dR
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1-4 Lagrangian of mass-less

physical �elds in SM
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2. Why we need Higgs in SM

2-1 Where is mass ?

If mass terms were added by hand.....

In U(1) gauge transformation, A� ! A�+ 1
e
@��(x)

the mass term 1
2
m2A�A� is not invariant clearly.

In the case of a SU(2) fermion, current term is

� � = � L
� L+ � R

� R .

On the other hand the mass term is

m�  = m( � R L+ � L R)

which contains only doublet but not singlet,

therefore breaks SU(2) invariant Lagrangian.

We need a gauge invariant Lagrangian

which generates masses of fermions

and physical gauge bosons !!!



From hep-ph/9708417 20 Aug. 1997

Higgs Boson: Keyboards

Higgs Boson is a classically trained Jazz pianist with a taste for rock and pop music. His
influences are far and wide, ranging from Debussy to Pink Floyd and Dave Grusin to
Chick Corea.

Instruments:- Ensoniq VFX SD11 / Roland JV 1080 - 880 - U220 - JD 800 / Korg i3 -
Wavestation AD / Alesis D4 / E111 Sampler / Akai S1000 / TG100 / Emu Proteus 1 /
Juno 6Instruments:- Ensoniq VFX SD11 / Roland JV 1080 - 880 - U220 - JD 800 / Korg
i3 - Wavestation AD / Alesis D4 / E111 Sampler / Akai S1000 / TG100 / Emu Proteus 1 /
Juno 6.

Email Higgs Boson:- hboson@enterprise.net

Back to Muscian list 



2-2 Introduce Higgs Lagrangian

LHiggs = (D��)
y(D��)� V (�)
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Expand around �0 so that Higgs �eld, H(x) and

week gauge bosons can have correct mass terms
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2-3 Generate week boson mass

Out of (D��)
y(D��)� V (�) , relevant terms are
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2-4 Generate fermion mass

Mass of lepton
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2-5 Summary of SM and Higgs

LSM = LFerm+ LHiggs+ LLep+ LQ �
1

4
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�� �
1

4
B��B

��

Scenario toward Higgs

� To guarantee the gauge invariance, the covariant deriva-
tives must be de�ned which contains gauge bosons
consequently.

� We constructed Lagrangians for the SM fermions re-
quiring the gauge invariance.

� The mass-less fermion Lagrangian can �t the physical
particles, if theoretical �elds are interpreted correctly.

� However, if one adds masses to physical particles by
hand, it breaks the gauge invariance.

� We need a gauge invariant potential so that it can
give masses to fermions and gauge bosons by breaking
symmetry. That is Higgs!!!.

What SM can not predict

� The number of generations

� Coupling strength

� Masses of fermions

� Mass of Higgs



3. Properties of SM Higgs

3-1 Decay of SM Higgs

Points !!!

gf =
g2

2MW

Mf

�f �f / m
2
fMH

�WWorZZ /M
3
H

�gg / �
2
sM

3
H

For low mass region MH < 130 GeV

H ! b�b; c�c; ���

H ! gg

H ! 

H ! Z

For high mass region MH > 130 GeV

H !WW

H ! ZZ

H ! t�t



From hep-ph/9712334 10 Dec. 1997
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3-2 Production of SM Higgs

At e
+
e
� colliders

e+e� ! (Z)! Z +H

e+e� ! ���(WW)! ��� +H

e+e� ! e+e�(ZZ)! e+e�+H

e+e� ! (; Z)! t�t+H

At pp colliders

gg ! H

WW=ZZ ! H

q�q !W=Z +H

gg; q�q ! t�t+H



From hep-ph/9710439 22 Oct. 1997

σ(pp→H+X) [pb]
√s = 14 TeV

Mt = 175 GeV

CTEQ4M
gg→H

qq→Hqq
qq

_
’→HW

qq
_
→HZ

gg,qq
_
→Htt

_

gg,qq
_
→Hbb

_

MH [GeV]
0 200 400 600 800 1000

10
-4

10
-3

10
-2

10
-1

1

10

10 2



3-3 Mass bound on SM Higgs

V (�) = �
2
�
y
�+ �(�y�)2

v =

q
��2=�; �

2
< 0

� Upper bound can be constrained by requiring that per-

turbative theory is valid up to the GUT scale.

� Lower bound can be determined by requiring � > 0 up

to the GUT scale which corresponds to the require-

ment of vacuum stability.



From hep-ph/9708416 20 Aug. 1997

If 160 < MH < 170 GeV, the perturbative treatment

is valid up to GUT scale, � � 1019GeV.


